To identify other negative regulators that interact with PRE1 and function like AtIBH1 in the triantagonistic system, we performed a yeast two-hybrid (Y2H) screen using PRE1 as a bait
We recently demonstrated that cell elongation in plants is regulated by a triantagonistic bhLh system, in which three bhLh proteins, activator of Cell Elongation 1 (aCE1), Arabidopsis iLi1 binding BhLh 1 (atiBh1) and Paclobutrazol resistance 1 (PrE1), competitively regulate the expression of genes for cell elongation. here we show that atBS1 interacting Factor 2 (aiF2), aiF3 and aiF4 interact with PrE1 and aCE1, similar to atiBh1, and also negatively regulate cell elongation in the triantagonistic bhLh system. the expression of each AIF is constitutive or induced by light, but AtIBH1 expression is dependent on Br signaling and developmental phase. these results indicate that aiFs and atiBh1 may play different roles in cell elongation in different signaling pathways. and a library composed of only cDNAs of Arabidopsis transcription factor genes. 7 From this screen, we found that AIF2, AIF3 and AIF4, but not AIF1, interact with PRE1 ( Table 1) . We confirmed the interaction of PRE1 with AIF2, AIF3 and AIF4 by individual Y2H assays (Fig. 1A) and found that those AIFs also interacted with ACE1 (Fig. 1B) . Interestingly, AIF1, which is closely related to AIF2/3/4, does not interact with either PRE1 or ACE1 in our Y2H assays ( Fig. 1A and B) . The AIFs are closely related to AtIBH1 and were shown to interact with PRE3/ATBS1 (Fig. 1C) . 3, 4 Wang et al. showed that AIF1 regulates cell elongation negatively but PRE3/ATBS1, which interacts with AIF1, regulates it positively in response to BR signaling. 4 Overexpression of AIF1 was shown to induce a dwarf phenotype, similar to the phenotype of AtIBH1-overexpressing plants. [4] [5] [6] We prepared transgenic plants that ectopically expressed AIF2, AIF3 and AIF4 (P35S:AIF2, P35S:AIF3, P35S:AIF4), respectively ( Fig. 2A and B) . All the AIF overexpressing plants exhibited drastic dwarfism, and had round-shaped, dark green leaves and short petioles and siliques (Fig. 2B) . These phenotypes were similar to the phenotype of P35S:AtIBH1 plants, 5, 6 suggesting that AIF2, AIF3 and AIF4 have similar biological functions to AtIBH1, which negatively regulates cell elongation. In addition, we analyzed the phenotype of transgenic plants that express the chimeric repressors for AIFs, which have the plant-specific SRDX repression domain fused to AIF2 and AIF3 (P35S:AIF2-SRDX and P35S:AIF3-SRDX; Fig. 2A) . 8 We found that both P35S:AIF2-SRDX and P35S:AIF3-SRDX had round-shaped and dark green leaves and exhibited similar phenotypes to P35S:AIF2 and P35S:AIF3 plants ( Fig. 2B and C) . These results indicate that these AIFs act as transcriptional repressors, similar to AtIBH1, because fusion of the SRDX to a native repressor results in a similar phenotype to its ectopic expression. 9 The basic motif of AIF proteins lacks the amino acids necessary for binding to the E-and G-box; therefore, it has been suggested that AIFs might not be DNA-binding bHLH proteins. 4, 10 Our results suggest that the functional mechanisms of AIF2, AIF3 and AIF4 are likely to be the same as that of AtIBH1, binding to another bHLH protein to interfere with its function. AIFs likely interfere with the DNA binding of ACE1 and inhibit cell elongation by suppressing the activation activity of ACE1. Moreover, we showed that AIFs interact with PRE; therefore, similar to its inhibition of AtIBH1, PRE is also likely to inhibit AIFs.
ATBS1 INTERACTING FACTORs negatively regulate
In this study, we show that Arabidopsis AIF2, AIF3 and AIF4 function as negative regulators of cell elongation and are likely to act redundantly with AtIBH1. AIFs may constitute a triantagonistic bHLH system with ACE1 and PRE1. AIF2/3/4, however, may regulate cell elongation differentially from AtIBH1, because the AIFs and AtIBH1 have different expression patterns (Fig. 2D) . 5, 6 For example, AIF4 expression was induced by light treatment but AIF2 and AIF3 expression was not, suggesting that AIF4 may regulate cell elongation in response to light signaling (Fig. 2D) . Also, BR and developmental phase did not affect AIF expression. These AIF expression patterns indicated that AtIBH1 and AIFs might have different mechanisms regulating their expression. Therefore AtIBH1 and each AIF may negatively regulate cell elongation under different signaling pathways, but may act through similar functional mechanisms, suppressing cell elongation via the inhibition of ACE1 DNA binding. Further studies of the systems that control the expression and post-transcriptional regulation of AIFs will provide more information on plant cell elongation. 
